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Motivation
Full-­‐size	  moderator	  
graphite	  brick
q Fracture	  prediction	  within	  the	  moderator	  graphite	  bricks	  in	  nuclear	  
reactor,	  which	  are	  subjected	  to	  prolong	  irradiation	  and	  temperature.	   	  	  
Configurational
Fracture	  Mechanics	  
Graphite	  brick	  slice	  test	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q Consider	  two	  subdomain	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  bounded	  
by	  boundaries	  
q In	  the	  case	  of	  linear	  elasticity,	  strong	  form	  of	  governing	  
equation	  is:	  
q Dirichlet and	  Neumann	  boundary	  conditions:	  
q Mesh	  tying	  constraint:	  
Mesh	  Tying	  Problem
Linear	  Elasticity
slave
master
Non-­‐conforming	  meshes
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q Weak	  form	  of	  governing	  equations:	  
q Standard	  internal	  and	  external	  contributions	  are:
q Mesh	  tying	  interface	  contributions	  are:	  
Mesh	  Tying	  Problem
Linear	  Elasticity
slave
master
(Three	  Lagrange	  multipliers	  per	  node)
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q On	  the	  discrete	  mesh	  tying	  surface	  displacements	  are:	  
q Lagrange	  multipliers	  are:
q Interface	  virtual	  work:	  
Mesh	  Tying	  Problem
Linear	  Elasticity
slave
master
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Mesh	  Tying	  Problem
q Computational	  challenges:	  
Ø Non-­‐smooth	  integrand	  (contribution	  of	  more	  than	  one	  element)	  
Ø Definition	  of	  mapping	  	  (	  	  	  	  	  )
Original	  triangles Projected	  triangles	  
and	  clipping
Triangulation	  
and	  Gauss	  points One	  prism
Master
Slave
Master Slave Integration	  cells
Projection	  of	  
Gauss	  points
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Efficient	  search	  algorithm
q Efficient	  search	  algorithm	  with	  KD-­‐tree	   from	  MOAB
slave
master
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q System	  of	  linear	  equations	  are:	  
q No	  physical	  connection	  between	  slave	  and	  master	  
sides	  and	  are	  connected	  with	  mortar	  approach:
q Additional	  flexibility:
v PETSc,	  MOAB,	  Boost	  libraries
v Arbitrary	  order	  of	  approximation	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(hierarchic	  basis	  functions)	  
v High	  performance	  computing
Mesh	  Tying	  Problem
Linear	  Elasticity
slave
master
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Numerical	  Examples
Linear	  elasticity	  (patch	  test)
Meshes Displacement	  (	  	  	  	  	  	  )
10 10
20
p=0.2
Stress	  (	  	  	  	  	  	  )
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Numerical	  Examples
Linear	  elasticity
Meshes Displacement	  (	  	  	  	  	  	  ) Stress	  (	  	  	  	  	  	  )
p=0.2
Displacement	  (	  	  	  	  	  	  )
p=0.2
10
30
60
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q System	  of	  equations:
q Residual	  vector	  is:	  
q No	  additional	  nonlinearities	  due	  to	  the	  mesh-­‐tying,	  as	  
no	  relative	  movement	  of	  the	  subdomain	  permitted
Mesh	  Tying	  Problem
Non-­‐linear	  elasticity
slave
master
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Numerical	  Examples
Non-­‐linear	  elasticity
10
1
1
Order-­‐1
Order-­‐2,	  3 Order-­‐1
Order-­‐2,	  3
Displacement	  (	  	  	  	  	  	  	  )
p=10
Displacement	  (	  	  	  	  	  	  ) Order-­‐1
Order-­‐2
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q In	  unilateral	  contact	  case:
q Equation	  for	  virtual	  work:
q Equation	  for	  matrices	  D and	  M will	  becomes	  
Unilateral	  contact
Linear	  Elasticity
(One	  Lagrange	  multiplier	  per	  node)
slave
master
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Numerical	  Examples
Non-­‐linear	  elasticity
Displacement	  (	  	  	  	  	  	  	  	  ) Displacement	  (	  	  	  	  	  	  	  	  )Displacement	  (	  	  	  	  	  	  	  )
p=0.2
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q Accurate,	  efficient	  and	  robust	  numerical	  framework	  is	  presented	   for	  3D	  mortar	  
contact	  formulation	  for	  both	  linear	  and	  nonlinear	  elasticity.	  
q The	  developed	  computational	  framework	  have	  the	  flexibility	  of:	  	  
v Efficient	  contact	  search	  with	  KD-­‐tree,
v Open-­‐source	  PETSc,	  MOAB,	  Boost	  and	  Clipper	  libraries,
v Arbitrary	  order	  of	  approximation	  (hierarchic	  basis	  functions),
v Parallel	  processing.
q The	  correct	  implementation	  and	  performance	  of	  the	  computational	  framework	  
is	  demonstrated	  with	  numerical	  examples	  from	  linear	  and	  nonlinear	  elasticity.	  
q The	  computational	  framework	  will	  be	  extended	  subsequently	  to	  non-­‐
penetration,	  frictionless	  and	  frictional	  sliding	  and	  will	  be	  integrated	  with	  the	  
fracture	  mechanics	  code.	  	  	  
Summary
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